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(54) MOSFET ELEMENT WITH ENHANCED MOBILITY AND ITS FORMATION 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily provide a MOSFET element that 
improves the mobility of electrons and holes, prevents the scattering effect of an 
alloy from occurring, and eliminates the need for an alloy relaxation and/or buffer 
layer and its manufacturing method. 

SOLUTION: A MOSFET element 10 with improved mobility includes a channel 
layer 12, formed on a single-crystal silicon layer 11. The channel layer 12 is 
made of an alloy of silicon and a second substance. The second substance 
exists at a silicon lattice site, replaceably with an atom percentage for enabling 
the channel layer 12 to receive a tensile stress. 
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1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] It is a carrier conveyance field (12) on said single-crystal-silicon layer 
(11); single-crystal-silicon layer (11) of the 1st conductivity type, the IVIOSFET 
component which has improved migratory - it Is ~ : ~ It consists of the alloy of 
silicon and the 2nd semi-conducting material. Said 2nd semi-conducting material 
Exist in said carrier conveyance field (12) with atomic percent with which said 
carrier conveyance field is put on the condition of receiving tensile stress. The 
source field of the 2nd conductivity type which reaches in said said carrier 
conveyance field (12); carrier conveyance field (12) (14); It is the drain field (16) 
of said 2nd conductivity type which reaches in said carrier conveyance field (12). 
Pinch said a part of carrier conveyance field (12) in said source field (14) and 
said drain field (16). Said drain field (16) It is the control electrode (18) 
electrically insulated from; and said carrier conveyance field (12). The MOSFET 
component characterized by consisting of said control-electrode (18); arranged 



between said source fields (14) and said drain fields (16). 
[Claim 2] Said carrier conveyance field (12) is a component according to claim 1 
characterized by consisting of an Sil-XCX alloy and X being 0.02 or less here. 
[Claim 3] Are the MOSFET structure where the silicon channel field which had 
carbon doped was embedded, and it consists of a :Si1-XCX alloy. So that it may 
be the channel layer (12) formed on the single-crystal-silicon layer (1 1) of the 1st 
conductivity type and said channel layer (12) may receive tensile stress The 
epitaxial silicon layer formed on said channel layer (12); aforementioned channel 
layer to which carbon is located in the permutation grid part in said channel layer 
(12) (13); Said epitaxial silicon layer (13) is penetrated. The source field of the 
2nd conductivity type which reaches said a part of channel layer [ at least ] (12) 
(14); Said epitaxial silicon layer (13) is penetrated. It is the drain field (16) which 
reaches said a part of channel layer [ at least ] (12). Said drain field separated 
from said source field (14) by said a part of channel layer (12) (16); on said 
epitaxial silicon layer (13) MOSFET structure characterized by consisting of gate 
electrode (18); formed on gate dielectric layer (17); and said gate dielectric layer 
(17) which were formed between said source fields (14) and said drain fields 
(16) at least. 

[Claim 4] It is the formation approach of an MOSFET component of having 
improved migratory, and is the phase which forms a carrier conveyance field 



(12) on :single-crystal-silicon layer (11) of the 1st conductivity type. It is the 
atomic percent made into the condition that said carrier conveyance field (12) 
consists of the alloy of silicon and the 2nd semi-conducting material, and said 
carrier conveyance field (12) receives tensile stress as compared with the 
single-crystal-silicon layer (11) of said 1st conductivity type. To the grid field of 
said carrier conveyance field (12) Said 2nd semi-conducting material On 
[ some ] said carrier conveyance layer (12) on said epitaxial semi-conductor 
layer (13). The phase which forms an epitaxial semi-conductor layer (13) on said 
phase; carrier conveyance field (12) in which you make it located in permutation; 
a gate dielectric layer (17) Said epitaxial semi-conductor layer (13) is penetrated, 
phase; to form - phase; which forms a control electrode (18) on said gate 
dielectric layer (17) ~ Phase; which arrives at said a part of carrier conveyance 
field [ at least ] (12) and which forms the source field (14) of the 2nd conductivity 
type, and said epitaxial semi-conductor layer (13) are penetrated. The approach 
characterized by consisting of phase; which arrives at said a part of carrier 
conveyance field [ at least ] (12). and which forms the drain field (16) of the 2nd 
conductivity type, and positions said a part of carrier conveyance field (12) 
between said source fields (14) and said drain fields (16). 
[Claim 5] It is the approach according to claim 4 characterized by for the phase 
which forms said carrier conveyance field (12) forming the carrier conveyance 



field (12) which consists of an Si1-XCX alloy, and X being 0.02 or less here. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] If this invention is generally further specified about a 
semiconductor device, it relates to the semiconductor device which has 
improved carrier migratory. 
[0002] 

[Description of the Prior Art] The metal oxide semiconductor field-effects 
transistor (MOSFET) component is well-known, and is widely used in electronic 
industry. Since the carrier migratory (carrier mobility) of an MOSFET component 
has direct effect on the output current and the switching engine performance, it 
is an important parameter. With the standard MOSFET technique, a current 
drive and the switching engine performance are improved by decreasing the 
thickness of channel length and a gate dielectric. However, since proper gate 
capacitance (intrinsic gate capacitance) will increase when thickness of a gate 
dielectric is made thin, the component engine performance may be reduced. 



[0003] With the silicon IVIOSFET component, if it ennbeds and pressure nature 
stress (compressive stress) is applied to a channel field, the thing which 
consisted of silicon / a germanium (Sil-XGeX) alloy, and sandwiched the upper 
and lower sides in the silicon field and for which the carrier migratory of a hole is 
improved in a channel field is shown. This reason is that a hole is confined in a 
channel field by gap of the potential energy between a surrounding silicon field 
and an Sil-XGeX channel field. This **** component (strained device) is shown 
in U.S. Pat No. 5,241.197 published by Murakami et al. and U.S. Pat. No. 
5,241.197 published by Solomon et al. 

[0004] in order it generate that an improvement of electronic transition nature 
serve as the minimum since an embedding Si 1 - XGeX channel component also 
have some faults , and dispersion ( alloy scattering ) of an alloy increase in a 
channel field in it , and reduce electronic transition nature and a conducting 
sleeve offset be good , that a carrier rate be high than silicon , and distortion and 
acquire migratory [ high ] , need high germanium concentration be include . If 
germanium concentration is made high, as a result, the thickness of a layer will 
become very thin, and processing temperature will also fall greatly. The fall of 
processing temperature will have a bad influence on activation of a dopant, and 
gate oxide processing. 

[0005] Since migratory [ of both a hole and an electron ] is improved and a 



carrier rate also becomes high as compared with silicon, the silicon component 
which has the channel field where tensile stress (tensile stress) was applied is 
desirable. By a certain reported technique, the structure which contains an 
Sil-XGeX (X=5-30%) buffer layer under relaxation Si0.7germanium0.3 alloy 
layer and Si0.7germanium0.3 alloy layer is used for the bottom of a **** silicon 
surface channel field (strained silicon surface channel region) and this silicon 
channel field. One of the advantages of this technique is that dispersion of the 
alloy in a channel field is removed. However, since this technique has a **** 
channel layer in a front face, it has the fault of being easy to produce the surface 
scattering effect (surface scattering effects) to which it reduces migratory. 
Moreover, degradation and the noise problem by the heat carrier may be 
produced, in addition, this technique will need alloy relaxation and a buffer layer, 
for this reason the complexity and cost of a process will increase. 
[0006] A **** Sil-XGeX channel layer is formed on a relaxation Si1-XGeX layer 
(it is Y>X here), and a silicon layer and the thing which used for the bottom of a 
relaxation Si1-XGeX layer further the structure of having a silicon layer are in 
reported another technique on a **** Si1-XGeX channel layer. This structure has 
the fault that the complexity of a process is added for a **** Sil-XGeX channel 
layer to that an alloy scattering effect becomes large since germanium is in that 
a carrier moves to a relaxation Si1-XGeX alloy layer, and the improved migratory 



effectiveness decreases, and a channel layer and many SiGe layers. 
[0007] 

[Problenn(s) to be Solved by the Invention] Migratory [ of an electron and a hole ] 
is improved, and it is hard to produce the scattering effect of an alloy, and is hard 
to produce a surface scattering effect, and the MOSFET component which does 
not need alloy relaxation and/or a buffer layer is needed so that it may become 
clear from the above thing easily. 
[0008] 

[Means for Solving the Problem] If it states directly, the MOSFET component 
with which migratory has been improved includes the carrier conveyance field 
formed on the single-crystal-silicon layer of the 1st conductivity type. A carrier 
conveyance field consists of the alloy of silicon and the 2nd matter, and the 2nd 
matter is the atomic percent from which a carrier conveyance field receives 
tensile stress, and exists in a carrier conveyance field. The source field and drain 
field of the 2nd conductivity type have reached in the carrier conveyance field. A 
part of carrier conveyance field separates a source field and a drain field. It 
insulates electrically from a carrier conveyance field, and the control electrode is 
arranged between the source field and the drain field. 

[0009] The manufacture approach of MOSFET which has improved migratory 
[ which was indicated here ] includes forming a carrier conveyance field on the 



single-crystal-silicon layer of the 1st conductivity type. A carrier conveyance 
layer consists of alloys of silicon and the 2nd matter. The 2nd matter is the 
atomic percent which a carrier conveyance field makes the condition of receiving 
tensile stress, and exists in a carrier conveyance field. A gate dielectric layer is 
formed on [ some ] a carrier conveyance field. A control electrode is formed on a 
gate dielectric layer. The drain field which has a source field and the 2nd 
conductivity type reaches in a carrier conveyance field at least, and a source 
field and a drain field are formed so that it may face across a part of carrier 
conveyance field between the source and a drain field. 
[0010] 

[Example] Drawing 1 shows the example of the MOSFET component 10 which 
has improved migratory [ of the carrier by this invention ]. The carrier 
conveyance field 12, i.e., a channel layer, is formed on the single-crystal-silicon 
layer 11. The channel layer 12 consists of the alloy of silicon and the 2nd matter. 
In the case of p-channel component, in the case of n-mold conductivity and an n 
channel component, the single-crystal-silicon layer 1 1 has p-mold conductivity. 
The 2nd matter exists in [ the grid part (lattice site) of the channel layer 12 ] 
permutation (substitutionally), and exists with atomic percent from which the 
channel layer 12 receives tensile stress as compared with the crystal which 
consists of the single-crystal-silicon layer 11 or silicon. Moreover, as for the 



channel layer 12, it is desirable not to be doped according to an acceptor (donor 
impurities), i.e., a donor impurity. 

[001 1] The epitaxial semi-conductor 13, i.e., an epitaxial layer, is further included 
in the MOSFET component 10 on the channel layer 12. Preferably, an epitaxial 
layer 13 consists of silicon and is about 50A in thickness. The source field 14 
and the drain field 16 penetrated the epitaxial layer 13, and it has reached in the 
channel layer 12 at least. Preferably, the source field 14 and the drain field 16 
penetrate the channel layer 12, and reach in the single-crystal-silicon layer 1 1. A 
part of channel layer 12 is pinched by the source field 14 and the drain field 16. 
Control 18, i.e., a gate electrode, is electrically insulated from the epitaxial layer 
13. Preferably, the gate electrode 18 is electrically insulated from an epitaxial 
layer 13 using the gate dielectric layer 17. Preferably, the gate dielectric layer 17 
consists of an oxide, and has the thickness of the range of 30 thru/or 125A. The 
source electrode 19 is formed on [ some ] the source field 14, and the drain 
electrode 21 is formed on [ some ] the drain field 16. 

[0012] Drawing 2 is the energy band Fig. of the example of drawing 1 in case 
gate bias is zero, and shows the effectiveness of the stress induction band 
division (strain induced band splitfing) on the channel layer 12. Drawing 2 shows 
the relative relation between the valence bands 22 and conduction bands 23 in 
an epitaxial layer 13, the channel layer 12, and the single-crystal-silicon layer 11. 



When the channel layer 12 receives tensile stress, it divides, the valence-band 
edge 24, i.e., the interface, in the channel layer 12, and actually goes up toward 
a conduction band 23 in an energy level. In addition, the conductor edge 26, i.e., 
an interface, is divided and it actually descends toward a valence band 22 in an 
energy level. Consequently, the band gap 27 of a channel layer becomes 
narrower than the band gap 28 of a single-crystal-silicon layer, and the band gap 
29 of an epitaxial layer. The bias of the channel layer band gap 27, i.e., 
narrow-izing, forms a potential well as a matter of fact, and this captures a hole 
and an electron in the channel layer 12. Moreover, as a result of the 
above-mentioned effectiveness, the energy level of the channel layer 12 is 
preferentially occupied by the hole and the electron (populated), and effective 
carrier mass (effective cariier mass) decreases. On the other hand, when 
suitable gate bias is impressed to the gate electrode 18 by this, migratory [ of the 
free carrier in the channel layer 12 ] becomes high by it. 

[0013] Since tensile stress gives division of a bigger conduction band than 
compressive stress, the channel layer which receives tensile stress is more 
desirable than the channel layer which receives compressive stress. In addition, 
as compared with the film which receives compressive stress, the fall of effective 
carrier mass is predicted by the film which receives tensile stress. Therefore, 
since the channel layer which receives tensile stress improves migratory [ of 



both an electron and a hole carrier ], it supports manufacture of the 
complementary-type p-channel which has improved migratory, and an n channel 
component. 

[0014] J. The silicon which had carbon doped is as it is published by Candelaria 
and shown in U.S. Pat. No. 5.360.986 transferred to Motorola Inc., the alloy, i.e.. 
the ingredient, suitable for the channel layer 12. This application of said United 
States patent is also available. It is, the silicon, i.e.. the Sil-XCX alloy, with which 
the channel layer 12 had carbon doped in the suitable example, and carbon is 
the 2nd matter, carbon exists in a permutation silicon grid part (substitutional 
silicon latice site), and, as for X, it is desirable that it is 0.02 or less. Furthermore, 
if specified, as for X, it is desirable that it is the range of about 0.005 thru/or 
0.016. 

[0015] Preferably, as for the channel layer 12. X has 100 thru/or the thickness of 
about 200A, respectively at the time of 0.02 thru/or about 0.005. The thickness 
of the channel layer 12 is adjusted according to the atomic percent of the 
existing carbon. When the channel layer 12 consists of an Sil-XCX alloy, an 
epitaxial layer 13 consists of silicon preferably, and has the thickness of the 
range of 50 thru/or 100A. 

[0016] Since an alloy / carrier scattering effect is lower than the silicon channel 
layer the direction of the channel layer which had carbon doped had germanium 



doped, the silicon channel layer which had carbon doped is more desirable than 
the silicon channel layer which had germanium doped. Even if this reason 
reduces the amount of carbonaceous [ used ] sharply as compared with 
germanium because of the relative size difference between a carbon atom and a 
germanium atom (about 11 to 1), it is because the same stress reinforcement (a 
sign is reverse) can be attained. Since an alloy / carrier scattering effect is small 
as compared with the **** silicon channel layer which had germanium with the 
same silicon channel layer which had carbon doped doped, carrier migratory, 
especially electronic transition nature are Improved further. Furthermore, since 
the channel layer 12 in the MOSFET component 10 is embedded namely, 
surrounded by the epitaxial layer 13 and the single-crystal-silicon layer 11. the 
MOSFET component 10 cannot receive surface dispersion (surface scattering), 
heat carrier degradation (hot carrier degradation), and the noise effectiveness 
easily again. 

[0017] When the channel layer 12 consists of an Sil-XCX alloy, the channel 
layer 12 is formed using epitaxial growth or chemical-vacuum-deposition 
technique. For example, acetylene, ethylene, a propane, or a methane carbon 
source is used. Or a silicon layer is formed, the ion implantation of the carbon is 
carried out to this silicon layer, the silicon layer by which carbon was doped is 
heated, solid phase epitaxial re-growth (solid phase epitaxial regrowth) of the 



silicon layer which had carbon doped is induced, and the channel layer 12 is 
formed as shown in U.S. Pat. No. 5.360.986. Or the channel layer 12 is formed 
using molecule beam epitaxial, metal organic chemistry vacuum evaporationo 
(MOCVD). or ultra-high-vacuum chemical vacuum deposition (UHVCVD). 
[0018] In the suitable example for forming the MOSFET component which has 
p-channel structure and the channel layer which had carbon doped, the 
single-crystal-silicon layer 11 which has n-mold conductivity is alternatively 
formed on p-mold substrate or in a substrate. And the channel layer 12 which 
consists of the silicon which had carbon doped is formed on the silicon layer 
which is not doped. Next, it consists of the silicon doped by n-mold or the silicon 
which is not doped, and the epitaxial layer 13 which has about 50 thru/or the 
thickness of 100A is formed on the channel layer 12. Preferably, formation of the 
silicon layer which is not doped, the channel layer 12, and an epitaxial layer 13 is 
performed at a single epitaxial growth, process. 

[0019] Next, the silicon oxide layer which has the thickness of the range of 60 
thru/or 80A is formed of deposition or growth on an epitaxial layer 13. Next. 
n(inch-situ doped)-mold polish recon layer doped by the predetermined part is 
formed on a silicon oxide layer. Patterning is alternatively performed in n-mold 
polish recon layer and a silicon oxide layer, and the gate electrode 18 and the 
gate dielectric layer 17 are formed, respectively. Next, p-mold dopant is 



alternatively poured in into an epitaxial layer 13 (incorporate). By heating this 
structure next, p-mold dopant is activated and the source field 14 and the drain 
field 16 are formed. Next, the MOSFET component 10 is completed using 
standard MOSFET processing. What is necessary is just to make the 
conductivity type of a dopant reverse, in order to form the MOSFET component 
10 of n channel structure. 

[0020] Drawing 3 thru/or drawing 5 show the alternative example of the 
MOSFET component which has improved migratory [ by this invention ]. 
Although the MOSFET component 30 shown in drawing 3 is similar with the 
MOSFET component 10, the MOSFET components 30 differ in that it does not 
have the epitaxial layer 13. The MOSFET component 30 is easy to receive a 
surface scattering effect for the interface between the channel layer 12 and the 
gate dielectric layer 17, although migratory is improved as mentioned above. 
However, if it compares with the ****** silicon channel MOSFET component 
constituted similarly, in addition, the carrier migratory of the MOSFET 
component 30 still improves. 

[0021] Although the MOSFET component 40 of drawing 4 is similar to the 
MOSFETO component 10, it is added further, the modulation doping 41, i.e., the 
modulation layer, formed in the single-crystal-silicon layer 11. The part 43 of the 
single-crystal-silicon layer 11 separates the modulation layer 41 from the 



channel layer 12. A part 43 has about 50 thru/or the thickness of 100A preferably. 
The modulation layer 41 is the same conductivity type as the source field 14 and 
the drain field 16. The modulation layer 41 has dopant concentration higher than 
the single-crystal-silicon layer 11. and is a conductivity type with the opposite 
single-crystal-silicon layer 11. Preferably, the modulation layer 41 has the 
thickness of the range of 100 thru/or 200A. 

[0022] The modulation layer 41 is formed on the part 42 of the 
single-crystal-silicon layer 11 using epitaxial growth or 
chemical-vacuum-deposition (CVD) technique. Next, the part 43 of the 
single-crystal-silicon layer 11 is formed on the modulation layer 41 using 
epitaxial growth or CVD technique, the MOSFET component 40 ~ p-channel 
component — or into the part 43 of the single-crystal-silicon layer 1 1 , n or p-mold 
can be doped by the n channel component using an ion implantation and/or 
diffusion technique, respectively. Preferably, the parts 43 of the modulation layer 
41 and the single-crystal-silicon layer 11 are continuously formed by the single 
on-site process sequence. 

[0023] Although the MOSFET component 50 shown in drawing 5 is similar with 
the MOSFET component 10, in order to form an insulating lifter semi-conductor 
(11111) component, the insulating layer 51, i.e., a field, is added. An insulating 
layer 51 consists of silicon oxide preferably, and is formed using the technique of 



an oxygen ion implantation or others. Preferably, before the channel layer 12 
and an epitaxial layer 13 are formed, an insulating layer 51 is formed. Or an 
insulating layer 51 is formed on a support substrate (not shown), next, a single 
crystal silicon substrate is joined to an insulating layer 51, it grinds in the 
thickness of a request of a single crystal silicon substrate, and the 
single-crystal-silicon layer 1 1 is formed. Only 500 thru/or the distance 52 of 600A 
make an insulating layer 51 estrange from the channel layer 12 preferably. 
[0024] When using an insulating layer 51 for the MOSFET component 30 
( drawing 3 ), it is desirable to open about 1000A of spacing in the bottom of the 
channel layer 12, and to arrange an insulating layer 51. When using an 
insulating layer 51 for the MOSFET component 40 ( drawing 4 ), it is desirable 
100 thru/or to open about 200A of spacing and to arrange an insulating layer 51 
under the modulation layer 41. 

[0025] It will be admitted that the MOSFET component which has improved 
migratory was offered from the above explanation. A carrier migratory 
improvement is attained by forming a carrier conveyance field on a 
single-crystal-silicon layer, constituting this carrier conveyance field from an alloy 
of silicon and the 2nd matter, and making the 2nd matter exist in a carrier 
conveyance field with the atomic percent of extent which a carrier conveyance 
field changes further into the condition of receiving tensile stress. 



[0026] Moreover, since big conduction band division is attained as compared 
with the carrier conveyance field which receives compressive stress when a 
carrier conveyance field changes into the condition of receiving tensile stress, 
migratory [ of both an electron and a hole carrier ] is improvable. This supports 
manufacture of the complementary-type n channel which has improved 
migratory, and p-channel component. 

[0027] In addition, surface dispersion, heat carrier degradation, and the noise 
effectiveness can be made hard to form an embedded structure and to receive 
by adding an epitaxial layer on a carrier conveyance field. 
[0028] Furthermore, when a carrier conveyance field consists of the silicon which 
had carbon doped, dispersion of an alloy can be reduced as compared with the 
same **** carrier field which consisted of silicon which had germanium doped. 
Moreover, the carrier conveyance field which receives tensile stress is attained, 
without using a relaxation alloy layer, when a carrier conveyance field consists of 
the silicon which had carbon doped. The complexity and cost of a process can 
be reduced by this. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The expanded sectional view of one example of this invention. 
[Drawing 2] The energy band Fig. of the example of drawing 1 in case gate bias 
is zero 

[Drawing 3] The expanded sectional view of other examples of this Invention. 
[Drawing 4] The expanded sectional view of the example of further others of this 
invention. 

[Drawing 5] The expanded sectional view of the example of further others of this 
invention. 

[Description of Notations] 

10, 30, 40, 50 MOSFET component 

1 1 Single-Crystal-Silicon Layer 

12 Carrier Conveyance Field 

13 Epitaxial Layer 

14 Source Field 

16 Drain Field 

17 Gate Dielectric Layer 

18 Gate Electrode 

19 Source Electrode 
22 Valence Band 



23 Conduction Band 

24 26 Interface 
28 29 Band gap 

40 MOSFET Connponent 

41 Modulation Layer 
51 Insulating Layer 
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mr^h'l^-^ymm. (1 6) T'$)oT, tflKf-^^wUa 
(1 2) (0-g|5{CJ;oTBiiB5V-xmJ§? (1 4) t^^^ 

m-^n^mMvi^-^^wm (i e) ; Msextf^4-'>^ 

;U- iyijnv* (1 3) ±T\ '>^< t tHijfSV-xtl 

is? (1 4) iimffiFu-r^Mi^K (16) t<Dmicm^-^ 
nrz^-hmmti^m (i 7) ; fe<fct>*Mfsy-h^m 
» (1 7) ±icffM$nrcy-h«ffi (1 8) -.fj^^m 

t^^mt-t^MO S F E Tliito 
[lt*«4] ^l!ltt^3{#L.fcM0 S F E T^^cDffM 
ysm-V&^T : ^ 1 ^i«§U(D#!|ig^>' U n >S (1 1) 

±.ic^^^}Tmmwi^ (1 2) ^miiiir^fmx'$>-D- 

X. m%l^y')TmmmM (i 2) ii-y^jziytrnz^^ 

'jnvn (1 1) ictmLx. m^^^'VTm^mm 
(1 2) mmjz>t}^^if^vimtr^iw.'¥-'s^mx\ 
msi^^vrmmmm (12) cd*s^midc(c. 1012^2 



iMMlDc (1 2) ±{cxl^^:^-i^-^;l/it^jBti!|Jli (l 3) «r 
: MlBxti5r^i^A';l/¥39f*B (i 3) ± 
Oh1jI3++ UTjtil^)! (1 2) cD-gpcD±fcy-hg|tt 

(17) ^mfig-rsispg: stiiBy-h^m^ (i 
7) ±icMmmm d s) ^jBsE-ri.isi5i;tuiBxtf^f 
^~>^'/l^mi^m (1 3) ^MiiL. wta^-^UTfigiM 

miD£ (1 2) CD'>35:< tt-gPtcM-r^. m2»«SO 
V-xSil^ (14) ^J^fig-rsSPg : *5J;t;Ht(IBxt!^» 

^^-^-^-yi/i^Jij** (1 3) ^KoiL. mm^^vrmm 
mm (1 2) £o^:&< i:t-i^i5{cji-ri)^ mzmmsKD 
Ku-r>«im (16) Huia^^'J7fiai2imi§s 

(1 2) «0-g|5^HijIBV-X^J^ (14) tmiBHW 
(1 6) ir^ratcfiLBftttSSPg ; A^e)fi)t?>ci: 

Cli*]S5 3 tfIIB+-\''J7ll3^MiSlc (12) >&0fig-r5 
SPgti. Si,_xCx-&^*^P>fiKS^^'J7a6iMtii|l! (1 
2) ildT-XtiO. 0 2J-:iTT*feSc:i:«r!!# 

[000 1] 
[0 0 0 2] 

(MO S F E T) mf-\-i.<i^^X^K) . «?^I8^C*3^^T 
l£<fflL^e)nTV^-So MOS F E Tsg^<D:4^^"J7gf!B() 
^(carrier mobility)^. ^iimMtS^XSTs^ y'J'-y^ 

'\&.m\rium^m^^^^<Dx\ mwrj:^^^^-^X'$> 
\-mmi^<Dm-^^m'p^-\±^iiticj;i-DX. mmmmis 
y-hmmi^(Dm-s^m<,-r^t. Ei^y-hg:M(int 

rinsic gate capacitance)A''ti:^"f" §tl ttii:&i)COT, 

[0 0 0 3] '>U n>MO S F E T5i4?Tti, '>Un> 
(Sii_xGex) ^^xm^L. ^<D±T^ 

liS:^) (compressive stress) ^AHt S -^^-v ^^i/^lglcfc 

nrv^^o CCDilEfeti. /HHcOv^J ^J^'^isJiiSii-xGex 

5 l?I^'?(strained device)ti. Murakami 

et ancm7znrc^mwtff^5.24\.i9m. fe<fca*soi 

omon et al. fcfg?f ^nfc*S!RFW=lg5, 241, 197^{C5^5 

CO 0 0 4] ffli6jA*iSii_xGex^+^wl/^^feli^)^^St 
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gi(f§L(alloy scattering) A^ti;*;L«?^K)tt^ffiT«-a- 

[0 0 0 5] ? I ^ifC;': (tensile sXxess)-fftjH-f ^nfc'f- 

fd^ffiT't* , ? U n >'affi^A' ^-;l'®felt(strained 
silicon surface channel region) i:, CCOv^U^^- 

o.7Geo.3^^«©TtCSii_xGex (X=5-3 0%) 

face scattering effects)>&^C;-^f (/"'i:V"'-5^<:j^*'5fe 

[0 0 0 6] SiJ(D|g^?nrc¥ffitC, SiftSi,_xGexS± 
(C3|ilSi,_xCex^-^^--'l'ra^fl^fiKL (CCT*Y>X) . 
? l?SSi i-xGcx^i- ^/l'B±ti:>' U n EtcSlgftiSi 

$)§o CCDltiifctt. §l3iSi,_xGex9^ + ^^;l/ilA^6.^ft 

sii.xGex^^W'N+Y V Ttimmi^. 3{»?nrc^i()tt 

[0 0 0 7] 

^i/^MO S F E T^?*<ig:>Si:?nTV^§o 
[0 0 0 8] 

*Wf^tx;^cMO S F E T-Ss^li. 1 »1tS®W-S>i. 
-V 'J TJSiiMM)?? « U a >' i: 2 t O-gr^A^ ?> fig 



[0 0 0 9] CClcfBigL/-ci^i«)'t4*3j#Ln:MO S F 

E T (Dmmy;mits m i mmmomff:^^^^ u n >»±(c 

[0 0 10] 

# LfcM O S F E T-^? 1 0 cOSISSi^lJ^^N-ro 'J 7 
J83^fil|lcEP*.^^^-.;l/» 1 2t,\ -¥4&®r>Un:/il 1 i 

Ki:(D-a-^*>5,s5t§o ■^ISrev'UrjyS 1 l ti, p-^ 
^^.7l/^^cOit^t±n-§yW«'l4. n-^+:t-.;l/^?(D 

2<Ol!S?g|5{ii(lattice site){i:gi|6*J{C(substitutiona 

lly)#ffiL. WSB^a>"j3>'» 1 1 ^fcliiyUnyA^e, 

{±^ SSWP-e K:^— ^i^l^Cdonor iinpurlties)T F— 

[0 0 1 1 ] MO S F E im^ 1 0{C«. Ml^9^+^>'l' 
mi 2±{cxtf^?^v'^/l/it^^i^*:Ep-^xt;^4^>/-v;l/Jg 
1 3^#t?o »tL<ti. xtf^4^>'-^';l/« 1 3{±->'J 

'>-v;U«i s^KilL. 1 2rt{c 

iffiLTl/^So iff$L<t±. y-XMft!cl 4 43J;tfKb-Y 
1 6 {i^ ^ 1 2 ^ma *f.SB^B^> U n y 

Jil irttciifSo "f-^^-jimi 2<D-mi. v-xss 
1 4 Ku-rvfflii? 1 6 tiz»^!nri>^, umm^ 

fb!f^*^e)fi!ct)^ 3 O^I/^U 1 2 5:tV^"X ho — Acord 
ffl<Dff^^^-r-i.= y-X«1Sl 9*'!y-X«RlS)c 1 4 CO 

—^<o±icm^i£ti. K ui' vffifii 2 1 F u-r i^^teli 
[0 0 1 2] 0 2 y— h • /'5'f'TXA^-tfncOii^co 
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1 2±T'(0fS:^^^-'^>'F^fiJ(strain induced band s 

iy^fimi 3. =f-^^-)Vmi 2. j5<tt>"WiSilv"Jrj>' 

mi i{c*3it^> mm^^ 2 2 t&mm 2 3 t<Dm(Dm 

SiJ ^f^Jcx^T-;!/^ • \y-<^Mc^\^^XBm^ 2 3 ic|p) 
*>-3T±^-r^o in^T, {E»f*l^g|5BP-5Wffi2 6t^> 
fiJL, ll(^{cx;^.;l/4^ • P^;Ui:fev>TM^=^2 2{c 

•V 7" 2 7 Warai^ 'J >';i(DM>' F4^> >y y 2 8 45 
^ l>'x e iSf >/ -\' ;l/»<D/ ^ y F 4^^- 2 9 J: t $^ < 
:&5o f^^:?^;VJi/^i^F4i>-y:/2 7 ©^fDEP-^SlElSfl: 

;mi 2rt{c*-;l/i3J;C/«?^ffl}i-r?.o Sfc. ±iS 

aHOiiga, ^•^':^7Uei 2(D3L^)\/^' \y^Mis % 
5t6*Jlcih— ;l/*Jit;«?T'iS46Cn(populated). ^5El) 

U 7KM(effective cariier mass)*'5M'>t'-i>o 

[0 0 13] ?l?filS;/3til±ffi)tS:t)J:'3::*c#^fEW^c05j- 

[0 0 14] J. CandelarialCfSfT^n^ Motorola Inc., 
fcfflilli^ n/£:*a!t#ftm5. 360, 986^{C^^nTl/>5 i 

^fc, 0?*^F-y^tlit>'U=i>'{±, ^-^^t-^l/iil 2 

mmti^m 2 ^nr\ mmmmiy u n yts^f^PteCsubst 

itutional silicon latice site)^c#^^L^ XliO. 0 
0. 0 0 5*V>U0. 0 1 6tD|i3gBT^§Ci:*WSL 
[0 0 1 5] W*L<{i> X*^0. 02:^V>L0. 00 

5mm<Dt.^. =f-\^-)im\ 2«^n^*txi oo*i/>u 

2 0 0:i->yx ha— AgJS£Oj»^^^-r§o 
IP^ni.o f^^^-;b«l 2A^Sii_xCx-n-^:<)^e>fi)4§^ 

»3 , 5 0 L 1 0 0 :t F a— AOlEfflcDil^JS: 

[0 0 16] ^m^F-:/^nrc^+t^;Wl<D73;!3^y;i/ 



ii? t y;i/ vx <^ Aji^ i: (Dmomnm^-^-^ xm.mz 
$>?>m ^SfiKT'#5*>?.-efeSo J^^^F-:/5nfc 

^ 'J 7ff^{gLS!)m*^d^^V^cDT^ ^+ 'J 7»I4. 
?^ffiJtt*^Stc3fc«?n5o Mtc$fc, MO S F E 

?i ort<D^-v^;i'S 1 2«a46ji*nT(/^5, ip-^, 

x.\d'?^iy^)Vm\ 3 ^;#i!ia^->U n^il 1 HcioT 
aHSnTl/^§©T\ MO S F E T^? 1 Oti. Sffiil 
SLCsurface scattering), U T^^^b(hot carrier 

degradation). i3J;tf y -YX^dS^^lttC < V^„ 
[0 0 1 7] ^^:?-;l'Bl 2*^Si,_xCx-a-^*^5)^Si.i: 
xi^^+i/^^L/fiJtSSfcttfk^^tt^SrS^ffli^T^ 
-\'^;l')ffli 2*JgfiR-r§o fl^iJ^fi. T-t^Uv. x^P 

*ll!tff^ll5.360,986^tC^^nTV>;SJ;'5tC. >"J n 

mmti^ F-T'^nfci/'; 3y»;&i!iPiftLTs mig^ f- 

7°5nrci^ U r3 yWtDH+gx tf iy^ ;UH:fi5t:R(sol id 
phase epitaxial regrowth)^Kfg ^•V^-.'UJB 1 2 
^JfM-r^o sS^v^^i, »?if-A • xtf^^^v'-v;^ & 
)lW«|{t^^« (MOCVD) , ^/-cli®iSM?Sft^^i^ 
« (UHVCVD) ^fflV^T. ^•A'^-;l/»l 2^fl5fi!c-r 

[0 0 18] p-^^^-jm'^tmm^¥-y-^nrc^ 

gi 1*^ p-mmm±i^rcimm^icm^mcmm^ 
n^o ^LT. m«^F-y^n/c->>j3>7b^e.fi)c^^ 

fig^n-So n-auc F-:/^ti/ci/'j3>src« 

F — 7°^nTl^^V^>'Un>A^€>figO, *t)5 07S:^,^L 1 

0 0s)->^"X Fn— AcDp^^^-rSxtf^4^->-f yl/® 

1 3*^ "f-^^fvmi 2±{cjeBR$ns„ »^u<«, 

F— y?nTV^:5:V^>"J ^^^^.Jimi 2, 43 J; 

t/xtf^^i^-ryua 1 3(D}^fiKti, coxtf^+i/-\' 

[0 0 19]:^^{C, 6 0:&V>L8 0;i->'yXFa— ACD 

«1 3±{cl««^fcti:^fi(cJ;oTffM^ni.o -^(i:, 
m^tOgPffifc F— :/^nfc(in-situ doped) n -m^V 

f- vrnm, \ s fe^ay- Mima i 
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tf^'4^->-v;Hi 1 3rtlC3lJi^9^tcaA-r?i(incorporat 
e)„ C(Dmm^:kl>c1]\imt^CtlcJ;:^ p->M\^-^^y 

1 6>&JBfiK-r2)o :^fc, HipMO S F E TjaH^&ffli/^ 

T. MO S F E T^? 1 O^^fiStTSo n-f=--V^^;H^ 
jgcOMO S F E T^? 1 O^fBfKf^lCti. F-z^^h 

[0 0 2 0] 0 3*V^Lia5{i. ^mmicJ:?,^m^^ 

LfcM O S F E T^? (Df-^@SISS0IJ^f"x-ro 0 3 fC 
MO S F E Tm^3 Q«MO S F E T^? 1 0 i:»4 
mtTl^^i.*^. MO S F E T^?3 0«xe^f^i/-v;U 
© 1 3^WLTV^:&V^i:l^o^ST'S*5o MOSFET 

"^■y^^fim 1 2 h^lli*;S i 7 i:cDP^(OWffiOfc 

A^e., [il1i^c«fi!(:^nfc^5l?I'>'J3> • ^+:^i>'UM0 

S F E T^^lCjrbfS-rntd:", MO S F E T*?3 0©:^^ 

[0 0 2 1 ] 0 4(DMO S F E T^?4 OttMO S F E 
TO^?l Ofc!^ffiibTi/>SA^ ^ilsSSi'UnvS 1 i 

Ap^nTv^So *i^SB^>"jnys 1 1 (Dgp^i- 4 3 (±. m 

»*L<{i**)5 O^&l^L 1 0 0:t>:>"Xha— A«DJS2 

ymmi e tm\^mmmT&^o mmm^ i {±. mf^^a 

v/UnvWl 1 it) tiSl^K-z^y hiSfi^SL. m 
^B>";^V)ll 1 i:(±JK3t«DW«i^T-fe5o »$L< 
{is ^P^4 1 {i 1 0 0 L 2 0 O^J-^yxhD-A 

[0 0 2 2] ^ii»4 1 {±, Xt!^^->-^;l/figfiS/-c{i 

lt^^« (CVD) iJS^ffli^T. ^m^i/^)ziym\ 

fiES^fctiC VDS&^grfflv^T, ^if-grBi/U:3>;i 1 i 
CD8|5^4 3A'!^i?ji4 1 ±{C}^fiK^tl5„ MOSFET 
4 0 A< p -^-V- :t■.;^Si5?*^S!^l^(i n -^^r^■^)V-m^ 
mz^-oX. #|grBv"J 1 1 (Dg|553'4 StCti. 

nS/-ctip-iu^F-:;^-rsc:i:3b"!T'#So »*L< 

fi. ^ilB4 1 tsit/^^grav^Uny^ 1 1 cogp^M 3 

[0 0 2 3] 0 5tC^-rMO S F E Tlg^ 5 OtiMO S 

F E T-^^ 1 0 tSHfKLTv^s*^ *ei*t;±^#i* ( 1 
1111) m'f^i\^>m-^rcisb\zmmm&\^^mm5 1*^ 

JTM^n^o ^!f^L<li. ^-^-^wUll 2*5ctt/xtf^ 

^i/A-^uBi sA^ff^fig^nsOTic. testes i^m^t 



'Jn»i 1 1 ;&ffMf ?)o tf*L<li, 5 0 0^i/^L6 

0 0 5i-y^^XFa-AcoS6St5 2fctt. =J'^^^)\^m \ 2 

[0 0 2 4] MO S F E 3 0 (133) (Cjfe^S 5 

1 ^fflV>§Jt^. ^-V^-^l/Jl 1 ZOTtC 1 0 0 O::^-^^ 

^^LV\ MO S F E 4 0 (El 4 ) tC^feiite 5 1 

^m^^^m-^. ^i).l/i4 1 (DTIC 1 Q 0^l^L2 0 0;t 

[0 0 2 5] J.;(±OIfJ0^*^e.. ^KjIS^afSLfcMO s 

[0 0 2 6] $fc. +^UTSSJM«S^*^?l?SJC:'3%Slt 

[0 0 2 7] iP^T, ++'JZ«l3ISSlSlt±{Cxe^f + -> 
^;l'»^)!)P^5cli:{cj;^T. il46ii*i|?|jg^ffM L.> 

[0 0 2 8] MfC. +^UTSfi)MMiS!c*<J^^^F-^$ 

nfc >"J 3 y ;!3> j^t i, ii^. yVi/T - >> A F - n 
m 1 ] *%Ba©-|ia5fi?iJcoj;!2;AKifffiiao 

[13 2] y— h • /"5'rTX*':-tf"ocr)^^£Dia 1 (OMMm 

[0 3] 3|s:f6BJ3©ft!l£O^«6fi?IJcOteA»TI?il0o 
[0 4 ] *f8H^coStJ:fticO||Mfi«J«»Jl£A®Tffi0o 

[0 5 ] :^mRnm.K^<r>m:m.m(otsik-x^mmo 

1 0, 3 0, 4 0, 5 0 MOSFET^? 

1 1 m^^B-y^}=iym 
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1 2 ^^vrmmm^ 

1 3 aitf^?^>'-\';l/jl 

1 4 y-xtM 

1 6 FUl'VllM 

17 

1 8 y-hTO 

1 9 y-xttfis 



2 2 fiffi«^^ 

2 3 im m 

2 4. 26 

2 8. 2 9 /^>F4^-v<yy 

4 0 MOSFETIg? 

4 1 

5 1 



1] 
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